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ABSTRACT 
To assist  i n  the evaluation of the hazard associated with exposure 
t o  high-energy neutrons, a Monte Carlo computer program w a s  used t o  ca l -  
culate t h e  energy deposition as a function of depth i n  a 30-crn-thick 
i n f i n i t e  slab of tissue resu l t ing  from neutrons incident  on the s lab a t  
energies up t o  60 MeV. 
actions,  including evaporation processes and nuclear recoi l s .  Cases of 
both normal and i so t ropic  incidence were calculated f o r  neutrons of 0.5, 
2, 10, 18, 30, and 60 MeV. From these data, current-to-dose conversion 
f ac to r s  were extracted for t he  average whole-body dose, the dose a t  a 
5-cm depth, and the maximum dose. 
adopted f o r  transforming rad dose t o  rem dose, but  de ta i led  energy 
deposition data  are a l so  presented so that  m y  preferred s e t  of QF's can 
be used t o  obtain estimates of t he  r e m  dose. 
The program t rea ted  nonelastic and e l a s t i c  i n t e r -  
A s e t  of qua l i ty  fac tors  ( & F ' s )  w a s  
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I. INTRODUCTION 
To assess the  hazard t o  personnel encountering high-energy radiation, 
it i s  necessary t o  have a means of estimating the  b io logica l  e f f ec t s  of 
these radiations.  
i s  t o  multiply the current  of a given type of incident  p a r t i c l e  by the  
appropriate current-to-dose conversion fac tor .  I n  a previous paper Zerby 
and Kinney (1) have published such conversion f ac to r s  f o r  nucleons i n  the  
energy range 60 t o  400 MeV. Before these fac tors  can be u t i l i z e d  i n  com- 
putat ions they must be extended from 60 MeV down t o  1 MeV or less. 
i s  r e l a t i v e l y  easy f o r  protons s ince simple ana ly t ic  calculat ions will 
suf f ice  i n  t h i s  energy range. 
able are from some ea r ly  calculat ions by Snyder and Neufeld a t  energies 
up t o  10 MeV ( 2 ) .  
A useful and simple way of obtaining such an estimate 
- 
This 
For neutrons, however, the  only data ava i l -  
- 
In  order t o  obtain the  needed conversion factors, calculat ions have 
been car r ied  out f o r  neutron energies from 0.5 t o  60 MeV. The geometry 
considered i s  the  same as i n  the work of Zerby and Kinney; i.e., an 
i n f i n i t e  slab of t i s sue  30-cm th ick  uniformly exposed t o  radiat ion over 
one face. Both normally and i so t ropica l ly  incident  radiat ions a re  considered 
i n  an e f f o r t  t o  bracket the dose t h a t  would be received with some i n t e r -  
mediate angular d i s t r ibu t ions .  The calculat ions have been carr ied out 
using a previously wri t ten Monte Car lo  t ransport  code (3) and using 
evaporation theory (4)  t o  t r e a t  nonelastic neutron co l l i s ions .  The 
qua l i ty  fac tors  f o r  protons and alpha pa r t i c l e s  have been taken t o  be 
functions of LET and a qua l i ty  f ac to r  of 20 has been used f o r  a l l  heavier 





A t  the lower energies, the r e su l t s  have been compared w i t h  the 
e a r l i e r  work of Snyder and Neufeld ( 2 ) ,  and the e f f e c t  of various approxi- 
mations ( i so t ropic  scat ter ing,  no nonelastic scat ter ing,  e tc .  ) has been 
determined. The r e su l t s  of these comparisons, presented i n  Section 111, 
show good agreement with the previous calculat ion i n  rads bu t  exhibit 
some differences i n  rems .  
- 
I n  the  calculat ions of Zerby and Kinney (l), - the  Ber t in i  model ( 5 )  - 
of the intranuclear  cascade was used t o  p red ic t  t he  results of i n e l a s t i c  
neutron co l l i s ions  above 50 MeV, and evaporation theory (4 )  - was used 
below t h i s  energy, while i n  the  present calculat ions evaporation theory 
i s  used a t  a l l  energies. To t es t  the e f f e c t  of th i s  change i n  the nuclear 
model, the  two calculat ions are compared i n  Section I V  for the  case of 
60-MeV neutrons. 
r e m  calculations d i f f e r  by from 30 t o  50%. 
The rad calculat ions are i n  very good agreement, bu t  the 
The current-to-dose conversion fac tors  f o r  neutrons with energies 
The fac to r s  above 60 MeV Of 0.5 t o  400 MeV are presented i n  Section V. 
a r e  taken from the work of Zerby and Kinney and a r e  included on the graphs 
for comparison purposes. 
In  addition t o  the conversion factors ,both the  rad and r e m  doses as 
a function of depth i n  tissue f o r  normally and i so t rop ica l ly  incident  neu- 
trons of energy 0.5, 2, 10, 18, 30, and 60 MeV have been obtained. This 
information i s  presented i n  Appendix I. Also, s ince the  method of 
-3 - 
converting energy deposition t o  r e m  dose will be subject t o  change, the 
energy deposition by protons as they pass through various energy ranges a t  
various depths has been obtained and i s  given i n  Appendix 11. 
t h i s  information any preferred s e t  of qua l i ty  fac tors  may be applied t o  
the protons. 
p a r t i c l e s  a re  a l so  given i n  Appendix 11, bu t  no information about t h e i r  
energy d is t r ibu t ion  i s  given. 
With 
Results concerning energy deposition by heavy charged 
The Monte Carlo method, i n  the form of the O5R computer program (3) ,  - 
was used f o r  the calculations.  The geometry of the  problem i s  iden t i ca l  
t o  t h a t  of Zerby and Kinney; i.e., a 30-cm-thick i n f i n i t e  slab of tissue 
with a composition as shown i n  Table 1 (6 ) .  
on the  slab surface e i t h e r  i so t ropica l ly  or normally a t  energies of 0.5, 
2, 10, 18, 30, and 60 MeV. For each source energy and angular distribu- 
t i o n  4000 neutron h i s to r i e s  were calculated. The neutron h i s t o r i e s  were 
followed by recording energy deposition due t o  e l a s t i c  co l l i s ions ,  non- 
e l a s t i c  processes, etc. ,  un t i l  each neutron had e i the r  been absorbed, 
escaped from the slab, or slowed down below a 1-eV cutoff energy. 
Source neutrons were incident - 
The t i s sue  s lab  w a s  divided i n t o  t h i r t y  1-cm-thick subslabs f o r  the  
purpose of  recording the depth d i s t r ibu t ion  of the absorbed dose and from 
t h i s  data, the  average, maximum, and 5-cm-depth doses were derived i n  
u n i t s  of both rads and r e m s .  I n  calculat ing the rem dose f o r  protons, 
a numerical f i t  t o  the damage curve shown i n  ref. 7 w a s  used. To ca l -  
cu la te  the rem dose f o r  alpha pa r t i c l e s , a  damage curve such as t h a t  used 
TABLE 1. Composition of Tissue 









f o r  protons w a s  calculated.  This curve was obtained in the  manner des- 
cr ibed i n  ref. 7 and using the qual i ty  f ac to r  as a function of LET given 
i n  ref. 7. I n  the low-energy region where the  alpha p a r t i c l e  charge i s  on 
the  average less than two the e f fec t ive  charge values given by W. 
Whaling (8) were used. To obtain the  rem dose from a l l  charged p a r t i c l e s  - 
heavier than an alpha p a r t i c l e  a qua l i ty  f ac to r  of 20 w a s  used. 
The t o t a l  cross  sections f o r  neutron-nucleus e l a s t i c  and nonelast ic  
sca t te r ing  were taken from experimental data  and op t i ca l  model calcula- 
t ions.  * 
The angular d i s t r ibu t ion  i n  e l a s t i c  s ca t t e r ing  w a s  taken t o  be 
l i n e a r l y  anisotropic  i n  the  cosine of the center-of-mass sca t t e r ing  angle. 
This i s  not a good approximation t o  the angular dis t r ibut ion,  pa r t i cu la r ly  
a t  energies as high as 60 MeV, bu t  a t  these energies a reasonable order 
(P8) Legendre expansion of t he  d i s t r ibu t ion  results i n  such a large 
region of negative cross section tha t  calculat ion becomes impract ical  with 
the version of O5R present ly  available. Furthermore, t he  average energy 
t r ans fe r  i n  a neutron-nucleus co l l i s ion  i s  determined by the average 
center-of-mass cosine. Since the O5R l i nea r ly  miso t rop ic  approximation 
maintains the  cor rec t  value of the average cosine, we are  cor rec t ly  es t i -  
mating the  quant i ty  of primary importance i n  an e l a s t i c  co l l i s ion .  The 
angular d i s t r ibu t ion  of hydrogen w a s  taken t o  be isotropic  i n  the  center-  
of-mass system a t  a l l  energies. 
Nonelastic events were t rea ted  through the use of an abbreviated 
version of Dresner's evaporation code (4), - which b o i l s  off neutrons, 
*The master cross-section tape compiled fo r  use i n  O5R by D. C. I rving as 
w e l l  as references t o  a l l  the data used may be obtained from the Radia- 
t i on  Shielding Information Center of the Oak Ridge National Laboratory. 
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protons, and alpha p a r t i c l e s  only. The use of an evaporation model f o r  
these l ight  nuclei  may be somewhat inappropriate, bu t  i n  the absence of 
experimental cross-section data, there i s  no choice except t o  use some 
such general nuclear model. P a r t i c l e  emission i s  assumed t o  be i so t ropic  
i n  the  laboratory system. The energy of emission given by the code i s  
divided i n t o  energy of the  emitted p a r t i c l e  and r e c o i l  energy of the  
residual  nucleus on the  bas i s  of momentum conservation. I n  addition, t he  
o d t t e d  pa r t i c l e  receives a share of the nuclear motion before emission 
( i n i t i a l  center of mass motion plus  accumulated r e c o i l  due t o  previous 
evaporations from this nucleus). 
following the emission of a l l  p a r t i c l e s  i s  the  f i n a l  r e c o i l  energy of the 
nucleus. The breakup of 8Be i n t o  two alpha p a r t i c l e s  and the low-energy 
14 N(n,p) and H(n,y) reactions have been put  e x p l i c i t l y  i n t o  the program. 
Neutrons emerging from nonelastic events a re  transported in  tu rn  just  l i k e  
the neutron i n i t i a t i n g  the  event. 
The energy remaining i n  nuclear motion 
I 
Calculation of the contribution t o  the dose from gamma rays was 
made somewhat approximately. A t  the high-energy end of o m  range, the  
insignif icance o f  t he  gamma contribution compared t o  o ther  contributions 
j u s t i f i e s  th i s .  However, a t  the lowest energies considered the r e l a t i v e  
importance of the photon dose would warrant a fu l l  treatment of the  gamma 
transport  involved. 
MeV. 
photons come from hydrogen absorption. A t  higher energies, where the  
gammas come from nonelastic co l l i s ions ,  t h e i r  exact energy s p e c t m  i s  
not known and it i s  almost ce r t a in ly  an overestimate of the dose t o  say 
they a re  2.2-MeV gamnas. 
We assumed that a l l  gamma rays had an energy of 2.2 
A t  the low energies, where they are s ignif icant ,  t h i s  i s  true as the 




using a buildup f ac to r  and a flux-to-dose conversion (2). 
buildup f ac to r  was t h a t  f o r  an i n f i n i t e  medium and it was applied t o  a 
s lab  of f i n i t e  thickness, the  dose calculated i s  an overestimate of the  
t rue  dose (some very rough checks suggest it i s  15-255 too high).  Neu- 
t rons reaching the energy cutoff were transported a dis tance equal t o  the 
root  mean square distance traveled from thermalization t o  absorption 
before i n i t i a t i n g ,  with appropriate probabi l i ty ,  a H(n, 7) and a N(n,p) 
reaction. 
Since the  
111. COMPARISON TO SNYDER-NEUFELD 
The only calculat ions tha t  have previously been performed i n  t h i s  
energy range were made by Snyder and Neufeld ( 2 ) ,  who calculated the depth 
dose i n  a 30-cm s lab  of t i s s u e  fo r  normally inc ident  neutrons ranging i n  
energy from thermal t o  10 MeV. A t  the time these computations were made 
d i g i t a l  computers were much more l imited than they a re  now, and Snyder 
and Neufeld were forced by considerations of memory s i ze  t o  make severa l  
approximations i n  the calculations.  A s  a check on our computer program, 
we performed calculat ions for 1- and 10-MeV incident  neutrons i n  which 
we used a l l  of the Snyder and Neufeld approximations, duplicated t h e i r  
ca lcu la t ion  except f o r  the  gamma dose, and obtained iden t i ca l  r e su l t s .  
We then car r ied  out a se r i e s  of calculat ions i n  which we replaced, one a t  
a time, each of the  Snyder-Neufeld approximations by a more exact t r e a t -  
ment and thus determined the importance of each approximation. 
of the various models used i n  the  calculat ions i s  shown i n  Table 2. 
- 
A summary 
The average doses i n  the' t i s s u e  s lab  as calculated by the various 
models a r e  compared i n  Table 3. Within s t a t i s t i c s ,  no noticeable change 
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TABLE 2. Models* Used for 1- and 10-MeV 







Analytic formulae of Snyder f o r  cross sections; 
all scattering is elastic and isotropic in center 
of mass; heavy elements are lumped as oxygen 
(identical with Handbook 63). 
Model I with latest cross-section data replacing 
analytic formulae; carbon and nitrogen cross 
sections used with mass = 16. 
Model I1 with true masses for carbon and 
nitrogen. 
Model I11 with nonelastic scattering done by 
evaporation theory. 
Model IV with P1 approximation for heavy elastic 
scattering. 
Model IV with P8 approximation for heavy elastic 
scattering. 
4 
*The N(n,p) reaction was included in all models. The 
dose from the H(n,y) reaction and the recoil of the 




TABU3 3. Average Doses i n  30-em-thick Slab for Various Models 
Dose rad/incident neutron/cm2) 
Evaporate d G m a  
Hydrogen Heavy Charged Source 


















































0.0020 0 0.4198 0.039 
0.041 
0.041 
0.0021 0 0.4070 
0.0021 0 0.4131 
0.0022 0.0007 0.3584 0.098 
0.0022 0.0012 0.3522 0.099 
0.0021 0.0010 0.3484 0.098 
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was found i n  the depth. p ro f i l e s  of the dose i n  the  d i f f e ren t  calculat ions.  
The gamma-ray dose contribution w a s  not  included i n  these calculat ions.  
The neutron h i s to r i e s  were followed t o  the point  of absorption and the 
gamma sources were recorded as shown i n  c o l m  7 of Table 3. 
of subsequent calculations of the gawaa dose have shown that an estimate 
of t he  t o t a l  dose, including the  gamma contribution, may be obtained by 
numerically adding column 7 t o  column 6 i n  Table 3. The garmna dose con- 
t r i bu t ion  f o r  model I with the gamma calculat ion as described i n  Section 
I1 was found t o  be 25% higher than that obtained by Snyder and Neufeld. 
The r e s u l t s  
It may be seen frm Table 2 t h a t  the  rad dose i s  f a i r l y  independent 
of the various physical models used, as the  differences shown are l e s s  
than the Monte Carlo s t a t i s t i c a l  e r ror .  
7 together t o  include the gamma contribution.)  
simply a measure of the t o t a l  energy absorbed, should be independent of 
the ac tua l  physical  processes involved i n  deposit ing the dose as long as 
no appreciable change i s  made i n  the energy tha t  leaks from t h e  s lab  and 
hence i s  not absorbed. There are differences i n  the  various contributions 
but  our results f o r  the t o t a l  rad dose as given i n  Section V a r e  not  sub- 
s t a n t i a l l y  d i f fe ren t  from the values i n  Handbook 63 ( 2 ) .  - 
results correspond t o  Model V.) 
(Remember t o  add columns 6 and 
The t o t a l  rad dose, being 
( O u r  f i n a l  
Due t o  both the differences i n  the various contr ibut ions t o  the 
t o t a l  rad dose and the use of d i f f e ren t  qua l i t y  fac tors ,  there  are 
sl ight differences i n  the r e m  dose between our  calculat ions and those i n  
Handbook 63 ( 2 ) .  
f o r  0.5- and 10-MeV normally incident  neutrons i s  shown i n  Figs. 1 and 2 .  
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Fig. 1. Comparison of Dose Results from Present Calculation with 
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I -, 
The curves shown are the smoothed data appearing i n  Handbook 63; o w  data 
points  are shown without smoothing. 
IV. COMPARISON TO ZEbY-KINNEY AT 60 MeV 
The calculat ions done by Zerby and Kinney (1) employed the  NTC code - 
i n  which nonelastic co l l i s ions  are handled by the intranuclear  cascade 
routine of Ber t in i  (5 )  based on a d i r e c t  in te rac t ion  model. Following 
the intranuclear  cascad? the res idua l  nuclear exc i ta t ion  energy i s  treated 
by an evaporation model routine allowing fur ther  p a r t i c l e  emission. In  
t h e  present O5R calculat ions the nonelastic co l l i s ions  proceed e n t i r e l y  
through the evaporation model. I n  addition, the NTC program ignores 
completely e l a s t i c  s ca t t e r ing  above 50 MeV from a l l  nuclei  except hydrogen. 
The question therefore  arose of t he  effect on the results of t he  discon- 
t i n u i t y  i n  the physical model between the calculat ions above and below 
50 MeV. Therefore, calculat ions f o r  60-MeV normally incident  neutrons 
were performed with both the O5R and the NTC code, and the resu l t ing  dose 
contributions a re  compared i n  Table 4. 
those reported by Zerby and Kinney. 
t he  same program, but  more d e t a i l  as t o  the various dose contributions w a s  
recorded.) 
t he  difference i n  r e s u l t s  since no s igni f icant  difference i n  the  p r o f i l e  
of the  dose as a function of depth w a s  observed. 
- 
(The NTC results are not  precisely 
They were obtained With e s sen t i a l ly  
The average dose i n  the  30-cm s lab  i s  used as an ind ica tor  of 
The l a r g e s t  difference i n  the  rad dose contributions l i es  i n  the  
energy absorbed from protons and alpha p a r t i c l e s  emitted i n  nonelastic 
co l l i s ions .  The O5R calculations having no d i r e c t  in te rac t ion  cascade 
exhib i t  a far smaller proton dose and a concomitmtly greater  alpha dose. 
. 
Table 4. Comparison of Average Tissue Doses f o r  60-MeV Normally 
Incident Neutrons Calculated with NTC and O5R Codes 
Heavy e l a s t i c  
recoi l s  0.009 0.020 0.190 0.402 
Heavy nonelastic 
recoi l s  0.038 0.040 0.753 0.795 
Nonelastit protons 0.236 0 077 0.510 0.273 
Nonelastic alphas 0.079 0.184 1.588 2 778 
0.050 0.048 Gammas 0.050 0.048 
TOTAL 0.822 0.832 4.063 5 9 507 
- 
. 
Rad Dose Rem Dose 
NTC 0 5 R  NTC 05R 
(Cascade + (Evaporation (Cascade + (Evaporation 
Evaporation) Only 1 Evaporation) only) 





[The large amount of alpha emission i s  probably pecul ia r  t o  t i s s u e  where 
the (n,n 'a) ,  (n,n '%),  ( n , n ' h ) ,  and (n,a)  reactions are predominant i n  
l60 and 12C.] Neglect of the  e l a s t i c  sca t te r ing  between 50 and 60 MeV 
i n  NTC results i n  a reduction of the  e l a s t i c  r e c o i l  contribution by a 
fac tor  of 2. However, there are  compensating changes i n  the  hydrogen 
r e c o i l  dose which can be explained only by a difference i n  competition 
with other reactions w i t h  the  r e s u l t  t h a t  the  t o t a l  dose, or t o t a l  
energy absorbed i n  the  slab,  i s  near ly  the same f o r  t h e  two models. 
The agreement i n  rem dose i s  unfortunately not so  good. The cont r i -  
butions which a re  enhanced i n  the O5R calculat ion -- those from evaporated 
alpha pa r t i c l e s  and the  r e c o i l  of heavy nuclei  -- a re  contributions which 
have a large qua l i ty  factor .  The d i r e c t  in te rac t ion  protons appearing i n  
the  NTC calculat ion have a qual i ty  f ac to r  near unity. This r e s u l t s  i n  a 
la rge  discrepancy i n  the t o t a l  r e m  dose. 
V. TISSUE CURRENT-TO-DOSE FACTORS FOR 0.5- TO 400-MeV NEUTRONS 
The program w a s  run f o r  neutron energies of 0.5, 2, 10, 18, 30, and 
60 MeV f o r  both normal and isotropic  incidence. The data have been analyzed 
i n  terms of the  average dose for the  30-cm slab, the  dose a t  a depth of 
5 cm from the  surface ( t h i s  was determined from dose contributions occur- 
r ing  a t  depths of 4 t o  6 cm), and t h e  maximum doge i n  any of the  l-cm- 
dose boxes. These r e su l t s  are  shown i n  Figs. 3-8. In  these f igures  the  
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been included. 
These curves may d i f f e r  s l i g h t l y  i n  the  60-100 MeV region from the  curves 
shown i n  ref. 1 since the  data from below 60 MeV occasionally showed a 
somewhat d i f fe ren t  trend than was apparent from the  60-400 MeV data  alone. 
Smooth curves through the Monte Carlo data have been drawn. 
A s  may be noted from the  f igures , there  i s  good agreement i n  the  rad 
This i s  due, as doses between t h e  0.5-60 MeV and the 60-400 MeV r e su l t s .  
has been noted previously, t o  the  r e l a t ive  invariance of the  rad dose with 
respect t o  the  nuclear co l l i s ion  model used. 
60 MeV. 
alpha p a r t i c l e s  (with t h e i r  large qua l i ty  f ac to r )  i n  the  O5R calculat ions.  
There seems t o  be a sudden increase i n  the  r e m  dose above the l e v e l  ind i -  
cated by the  0.5-10 MeV and 60-400 MeV r e s u l t s  a t  the  threshold f o r  
alpha emission ( s l i g h t l y  above 10 MeV f o r  the  evaporation model used). 
Unfortunately, the cross-section data needed t o  resolve t h e  discrepancy 
a r e  e i t h e r  sparse or nonexistent. Unt i l  comparisons can be made between 
the  nuclear models used i n  the  program and the experimental data, the  
disagreement a t  60 MeV must remain unsett led.  
The rem doses disagree a t  
T h i s  i s  mainly due t o  the la rge  contribution from evaporated 
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APPENDIX I. DOSE AS A FUNCTION OF DEPTH 
The energy deposition data presented i n  the  main t e x t  a r e  f o r  t he  
average whole-body dose, the maximum dose, and the  dose a t  a depth of 
5 cm. Since complete information about the energy deposition as a func- 
t i o n  of depth may be of value i n  some instances, the  de ta i led  data’are  
presented i n  t h i s  appendix, 
and the dose contributions i n  rad and rem from recoi l ing  hydrogen nuclei, 
evaporated protons, evaporated alpha par t ic les ,  reco i l ing  heavy nuclei ,  
and gamma rays. The data a re  presented as a histogram of the Monte Carlo 
estimates f o r  each 1-em-thick subslab. No smoothing has been performed 
and the  f luctuat ions i n  the Monte Carlo estimates a re  evident. 
Figures Al.1-A1.24 show both the  t o t a l  dose 
The graphs a re  arranged i n  the order of increasing energy. F i r s t  
t he  rad and rem curves for normally incident  neutrons of a given energy 
a r e  presented and then the  r a d  and rem c m e s  f o r  i so t rop ica l ly  incident  
neutrons of t h i s  same energy are  presented. 
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APPENDIX 11. ENERGY DEPOSITION Dl THE TISSUE SLAB 
In  order t h a t  any desired s e t  of qual i ty  f ac to r s  may be used i n  con- 
ver t ing  energy deposition t o  rem dose, the  de ta i led  data  on energy deposi- 
t i on  i n  the  t i s sue  s lab  a r e  presented i n  t h i s  appendix. For each incident  
energy and angular d i s t r ibu t ion  we have presented a s e t  of th ree  tables .  
In  each s e t  the f i r s t  t ab l e  gives the  dose contribution, as  a function of 
depth i n  the t issue,  from r e c o i l  hydrogen nuclei ,  evaporation protons, 
r e c o i l  heavy nuclei, evaporation alpha pa r t i c l e s ,  and gamma rays. The 
second and th i rd  tab les  of each s e t  give the energy deposition for the 
proton contributions subdivided i n t o  ionizat ions occurring while the  
protons were i n  the energy ranges 0-1, 1-5, 5-10, and >10 MeV. The 
units used i n  reporting the  energy deposition i s  MeV/gram-sec/unit current .  
The tab les  a r e  given i n  the order of increasing neutron energy. 
a given incident energy the  tab les  corresponding t o  normal incidence 
a re  given and then the t ab le s  corresponding t o  i so t ropic  incidence a re  
given. 
For 
. I  
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DEPTHS CM. 
0 T O  I 
I T O  2 
2 T O  3 
3 TO 4 
4 T O  5 
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6 T O  7 
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CEPTF.  CM. 
0 TO I 
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TABLE A2.3. 0.5-MeV NORMALLY INCIDENT NEUTRONS 
ENERGY D E P O S I T I O N  BY EVAPOEATED PRCTCNS 
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TABLE A2.5. 0.5-MeV ISOTROPICALLY INCIDENT NEUTRONS 
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TABLe A2.6. 0.5-MeV ISOIXOPICALLY INCIDENT " F R O N S  
ENERGY DEPOSITION BY EVAPORATED PROTONS 
0 PO 1 MEV I TO 5 M E V  5 TO I O  KEV 
0.26825 E-02 
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I 1  TO 12 
12 TO 13 
13 TO 14 
14 T O  15 
15 TO 16 
16 TO 17 
17 TO 18 
18 TO 19 
I 9  TO 20 
20 TO 21 
21 TO 22 
22  T O  23 
23 T O  24 
24 TO 25 
25 T O  26 
26 TO 27 
27 T O  28 
28 TO 29 
29 TO 50 
A V E R  OG E 
TABm A2.11. 2-MeV ISOTROPICALL,Y INCIDENT NEUTRONS 
ENERGY DEPOSITION BY HYDROGEN RECOILS 
o ro  I MEV I TO 5 MEV 5 30 I O  WEV 


































0.2558 7E- 0 I 
0. I8726E-0 I 
0. I5166E-0 I 
0. I0433E-0 I 




0 2794 7E-02 
0. I 8 2 5  1 E-02 
0 26 70 9E-02 
0. I4495E-02 
0. I I I47E-02 
0.97882E-03 
0 -7627 OE-03 




0 ,4377 SE- 03 
0.20512E-03 
0.9059 IE-05 







































































0 T O  I 
I T O  2 
2 T O  3 
3 TO 4 
4 TO 5 
5 T O  6 
6 TO 7 
7 TO 8 
8 TO 9 
9 TO I O  
I O  TO I I  
I I  T O  12 
12 TO 13 
13 TO 14 
14 TO 15 
15 T O  16 
16 TO 17 
17 TO 18 
18 TO I 9  
19 TO 20 
20 TO 21 
21 T O  22 
22 TO 23 
23 TO 24 
24 TO 25 
25 T O  26 
26 T O  27 
27 T O  28 
28 TO 29 
29 TO 30 
AVER A G  @ 
TABLE A2.12. 2-MeV ISOTROPICALLY INCIDENT NEUTRONS 
ENERGY D E P O S I T I O N  B Y  EVAPORATED RROTONS 



























































































0.13480E-02 0. 0. 
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0 T O  I 
I T O  2 
2 T O  3 
3 T O  4 
4 T O  5 
5 T O  6 
6 TO 7 
7 T O  R 
8 T O  9 
9 T O  I O  
I O  T O  I I  
I I  T O  12 
12 T C  I 5  
13 T O  14 
14 T O  15 
15 T O  I 6  
16 T O  17 
17 T O  18 
18 T O  I 9  
20 T O  21 
21 T O  22 
22 T O  23 
23 TO 24 
24 T O  25 
25 T O  26 
26 T O  27 
27 T O  28 
28 T O  29 
29 T O  30 
AVERbGE 
1 9  ro 20 
TAEEX A2.14. 10-MeV NORMALLY INCIDENT " F R O N S  
ENERGY D E P O S I  T I O N  B Y  HYDROGEN RECCI  LS 






0.98 19OE-0 I 
0.97530E-01 
0 I0068E-00 
0.9 I802E-0 I 
0.90 I32E-0 I 
0.9272 I E-0 I 
0.86678E-0 I 
0.91965E-01 
0 e842 I4E-0 I 
0.79884E-01 
0.80981E-01 
0.7093 IE-0 I 







0- 4 I049E-0 I 
0.36284E-0 I 
0.2994 I E - 0  1 










0.1436 I E-00 
0. I3597E-00 





0. I O734E-00 
0. I 080 I E-00 
0 -8092 2E-0 I 
0.9396CE-01 
0.64 I 7 3E-0 I 
0.74170E-Dl 
0 6402 2E-0 I 
0 57 78 7E-0 I 
0.461 I8E-01 
0.49928E-0 I 






0.8099 I E-0 I 






0.4*7 I 5E-0 I 
0.4k323E-01 
0.3%95E-O I 
0.3825 I €-0 I 
0.36500E-0 I 
0.38802E-0 I 
0.235 O6E-0 I 
0 262 6 3E-0 I 





0. I3749E-0 I 
0. I91 I 7E-01 
0.73095E-02 
Oo11659E-01 




0.9048 I E-02 
0.69472E-02 
0.70 I22E-0 I G . I O 4 l 4 E - 0 0  0.31 367E-01 
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TABU A2.15. 10-MeV NORMALLY INCIDENT NEUTRONS 
ENERGY DEPOSITIOPJ B Y  EVAPORATED PROTONS 
CEPTb.r CM. 0 TO I M E V  I TO 5 MEV 5 TO I O  MEV 
0 TO I 0.11188E-02 
I T C  2 0.11830E-02 
2 TG 3 0.13084E-02 
3 TO 4 0.10793E-02 
4 TO S 0.17457E-02 
5 T C  6 0.15473E-02 
6 T C  7 0.19690E-02 
7 TO 8 0.17527E-02 
8 T O  9 0.19683E-02 
9 T C  IO 0.21508E-02 
IO T C  I t  0.20755E-02 
I 1  TO 12 0.19438E-02 
12 T O  13 0.16372E-02 
13 TO 1 4  0.16498E-02 
14 TO 15 0.18902E-02 
15 TO 16 0.17897E-02 
16 T O  I 7  0.14177E-02 
17 T C  It) 0.16100E-D2 
18 T O  I 9  0.16874E-02 
20  TO 21 0.12272E-02 
22 TO 23 0.10756E-02 
23 T O  24 0.10943E-02 
2 4  TO 25 0.10795E-02 
25 T C  26 0.79578E-03 
26 T G  27 0.80442E-03 
28 TO 29 0.44488E-03 
29 T O  30 0.29942E-03 
I 9  TO 20 0. I C382E-02 
21 T C  22 0.99684E-03 
27 T O  28 o . ~ a 7 1 4 ~ - 0 3  
0.84733E-04 



























































A V E R b G E  0 I3856E-02 0. I5494E-04 0. 
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TABLE A2.17. 10-MeV ISOTROPICALLY INCIDENT NEUTRONS 
ENERGY O E P O S I  TION B Y  HYDROGEN RECOILS 
DEPTH* CM. o ro I M E V  I TO 5 M E V  5 T O  I O  M E V  
0 TO I 
I T O  2 
2 T O  3 
3 T C  4 
4 TO 5 
5 TO 6 
6 TO 7 
7 TC 8 
8 TC 9 
9 TO I O  
I O  TO I I  
I 1  TC 12 
12 TO 13 
13 TO 14 
14 TO 15 
15 T O  16 
16 TC 17 
18 T O  19 
I 9  T O  29 
20 TC 2 t  
21 TO 22 
2 2  TO 23 
23 TO 24 
24 TO 25 
2 5  TO 26 
26 T O  27 
28 TC 29 
29 TO 30 
1 7  T O  i a  


































t - 2 0 7 9  FE- 00 
0. I9604E-CO 
0.20347E-00 @. I8287E-00 
C!.14875E-!l@ 
0.14378E-00 
0. I751 2E-00 
0. I I857E-00 
c. I ~ O ~ ~ E - C O  
0.8F706E-01 
0.87635E-0 I 
O.BO5 I OE-0 I 








0 39943E-0 I 
t -27598E-0 I 
0.25058E-0 I 
0.2767jE-G I 








0.69 1358-0 I 
0.61 94 9E-0 I 
0.4 I 5 I 28-0 I 
0.397656-0 I 
0. I 84 I 6E-0 I 
0.17979F-01 
0. I 37206-0 I 
0.128358-01 
0.14744E-01 









0.62 I I I E-02 
0.560688-02 




































0. A V E R  PG E 0.73028E-01 0.1 101 8E-00 0.33802E-0 I 
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CEPTP, CM. 
0 T O  I 
1 T C  2 
2 T O  3 
3 TO 4 
4 T C  5 
5 T C  6 
6 TO 7 
7 T O  8 
8 T O  9 
9 TO IO 
I O  T O  I I  
I I  T O  12 
12 TO 13 
I 3  T O  14 
14 TO 15 
15 T O  16 
16 T O  17  
17 T O  18 
18 T O  I 9  
I 9  T O  20 
20 T O  21 
21 T O  22 
22 T O  23 
23 T O  24 
24 T O  25 
25 T C  26 
26 T O  27 
27 T C  28 
28 T O  29 
29 T O  30 
A V E R A G E  
TABLE A2.18. 10-MeV ISOTROPICALLY INCIDENT NEUTRONS 
ENERGY D E P O S I T I O N  BY EVAPORATED PROTONS 
0 TO I MEV I TO 5 MEV 5 TO IO MEV 
0.1002 IE-02 
























































































0. I3754E-02 0.931 I7E-05 0. 
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TABLe A2.X). 18-MeV NORMALIY INCIIJENT " I T O N S  
ENERGY D E P O S I T  I O N  BY HYDROGEN RECOILS 
I T O  5 MEV 5 T O  I O  M E V  ABOVE I 0 M E V  -. DEPTH, tM.- 0 TO I M E V  .___ 
0 TO I 0.54671E-01 3.  I2538E-03 
I TO 2 0.67467E-01 3. I +383E-00 
2 TO 3 0.71317E-01 3. I +333€-0Ll 
3 TO 4 0.78822E-01 9. 15325E-00 ~- 
4 TO 5 0.79654E-01 3. I $COPE-03- 
5 TO 6 0.76628E-01 3. I3793E-03 
6 TO 7 0.79868E-01 3 .  I2393E-03 
7 TO 8 0.94300E-01 3. I3447E-00 
8 TO 9 0.74323E-01 3. I2324E-03 
9 TO I O  0.70951 E - O l  3.  I I I63E-03 
10 TO I I  0.78391 E - O l  - 3 .  I334CE-03 
I I TO 12 0.70522E-01 3.  I3725E-00 . -  
I 2- TO I 3 0.72507E-01 3.  I I I 7 1  E-03 
13  TO 14 0.73102E-01 3. I 3 7  1 7 ~ - 0 0  
14 TO 15  0.72613E-01 3 .  I I529E-03 
I5 TO I 6  0.68659E-01 3. I 3 1  67E-00 
I 6  TO 17 0.57012E-01 
I 7  TO I 8  0.55495E-01 
3.7321 I E-01 
3.33207 E-0 I 
-. - - 
18__TO -I 9 0.52231E-01 3 7 C !i 95 E-3 I 
I 9  TO 20 0.57756E-01 3-91  C65E-01 
20-TO 2 I 0.5 I55BE-01 9.753 89 E-0 I 
21 TO 22 0.50214E-01 3.b3127E-01 
0.97880E-0 1 0.60545E-01 
0. I O  I55E-00 0.47398E-01 
0.941 25E-01 C.44308E-01 
0.6382CE-01 0.  I O  I83E-00 
0.83782E-01 0.41 74'E-01 __ 
0 85924E-0 1 0.55CO3E-01 
3.76119E-01 0.4263hE-01 
0.829n2E-01 0.41 13CE-01 
0.73590E-01 0.31 955E-01 
0.62292E-0 I 0.264C9E-0 I 
0.78497E-01 _ _ _ _  0.4393%-nl 
0.64109E-01 0.35557E-01 
0.61 505E-01 0.2 5529E- 01 
0.59947E-0 I 0 2 946)E- 01 
0.677 13E-01 0.351 97E-01 
0.52774E-01 0.21 3mE-01 
0.42013E-01 0.21254E-01 - 
0.47481E-01 0.2397LE-01 
0.38759E-01 0.21580E-01 
0 e44878E-0 I 0. I2453 t -01  
0.3907 1 E-0 I 0.2660 E-01 
0 34047E-0 I 0. I6308E-01 
0.44400E-01 0.2108 E-01 
2 3  TO 24  0.49005E-01 3.73523 E-0 I 0 40 3 59E-0 I 0. I3774E-01 
24_T0 25 0.47328E-01 0.71753 E-Ll I 0 32364E-0 I 0.8088bE-02 
25  TO 26 0.42159E-01 3.5 3 3 67 E-0 I n. 25647E-01 
26 TO 27  0.34451E-01 3 . 5 3 9  15E-01 0.21 801 E-01 0.1025 E-01 
2 8  TO 29  0134043E-JJ 9.5 7 2 I 3 E-0 I 0 345 30E-0 I 0. I3956E-01 
7 2  TO 23 0*52446E-01 3.353 l 5 E - 0 1  
0. I6667E-01 
2 7  TO 28  0.36396E-01 3 615 37 E-0 I 0.36906E-0 I 0. I 841  7E-01 
2 9  TO 30 0.29233E-01 3.5 2 5 57 E-0 I 0-30  345E-0 I 0. I 0 4 1  3E-01 
A V E R A G E  0.60771 E-01 3 .  I 3 3 4 1  E-03 0.58 5 7 I E- 0 I I?. 29350E-01 
I 
I ’  
-69 - 
~- T A D  A2.21. 18-MeV NORMAILYIINCIDENT NEUTRONS 
- ~- . ENERGY DEPOSITICN BY EVAPORATED PROTONS 
P E  p T ! H _ t - _ ~ k . - L T O - I M E V _ _ _  __ I 10 ?-MEV 5 T O  10 Y E V  ABOVE I 0 M E V  
0 TO I 0.19470E-02 3.337 73 E-02 0.10450E-02 0. 
I TO 2 0.27706E-02 3.22551 E-02 0. 0. 
2 TO 3 0.15584E-02 3.19979E-02 0 e7354 I E-04 0. 
3 TO 4 0.14110E-02 3.  I3295E-02 0. 0. 
0. 
5 TO 6 0.28297E-02 3.25371 € 4 2  O . I l l l 6 E - 0 2  C. 
- - __ - 4 TO 5 L 1 6 2 0 7 E - 0 2  3.453 9!, E-03 0. 
6 TO 7 0.16753E-02 0.41 b I 7  E-03 0. 
7 TO 8 0,19393E-02 0. I 1 3 4 5 ~ - 0 3  0. 
8 TO 9 0.16665E-02 ! l ~ 3 I  7 1 7 E-03 0. 





I O  TO I I  - 0.23448E-02 0. I 5 3  13E-32 0. 0. 
I I TO 12 0.1 4513E-02 9. 0. 0. 
I 2  TO-I3 0. I7851 E-02 
13 TO 14 0.17212E-02 9.33339E-03 0. 0. 
3. I I459E-33 0. - c * - .  
-~ 14 ~- TO 15  0.14086E-02 3. 0. 0. 
I 5  TO 16 0.24089E-02 9. I b385E-92 0.75819E-04 c. -- 
16 TO 17  0.15601E-02 I 3lJOJE-il3 0.89807 E-03 0. 
17 TO 1 8  0.16098E-02 3. I J363E-03 0. 0. 
I 8  TO I 9  0.20536E-02 -9, c53 I JE-02 0.32390E-03 - 0. - ~ 
19  TO 20  0.1248BE-02 I .333’33E-U3 0.15287E-03 0. 
2 0  TO 21- 0.15138E-02 - ~ - -  0.5rS71 E-03 0. 0. 
21  TO 22 0.12311E-02 3.97955E-04 0. 0. 
- -~ 
-_ 2 2  TO 23  0.14903E-02 9.57593E-03 0. 0. 
2 3  TO 24  0.15287E-02 3.33764E-03 0. 0. 
2 4  TO 25  0.12838E-02 3,21312E-35 0. 
2 5  TO 26 0.10117E-02 0. n. 0. 
0. 2 6 3 0 -  2 7  0 . 1 1 9 8 0 E ~ 2  ~- 0. 125-92E-32 0. 
2 7  TO 28  0.53558E-03 0. 0. C. 
2 8  TO 29  0.50984E-03 3. 0. 0. 
2 9  TO 30 0.25740E-03 9. n. 0. 
- -  
- 
-?O- 
. . . . .  
0 0 00 old 010 0,o 0 
I 1  
. 
. . * I . . . . . . . . . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 010 0 0 
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TABLE A2.25. 18-MeV IScrJIROPICALLY INCIDENT "s__ ~- - ~ ~~ 
~- ~ ENERGY D E P O S I T I O N  BY HYDROGEN RECOILS - 
ABOVE IO M E V  
0 TO I 
I TO 2 
2 TO 3 
3 TO 4 
0.1 C947E-00 







0.963 5: E- o i 
0.80630E-01 
. 4_ro_.5 
5 TO 6 
6 TO 7 
7 TO 8 
8 TO 9 
9 TO I O  
0.9291 OE-O l  
0.96045E-Dl 
0.91 7 2 2 ~ - 0 1  
0,85891 E-01 

















. - ___~- - .  0.64552E-0 I 
0 66 9 30E-0 I 
0.53771 E-01 12  TO 13  
13 TO I 4  
14 TO 15 
I 5  TO 16 
17 TO 18 
1 8  TO 19  
19  TO 2 0  
16 2 L - d  1- - 
0.631 1 I E - O l  
0.70351 E - O l  
0.67436E-01 






0,927 I 5  E-0 I 
0. I3377E-00 
0 93 3 03 E-0 I 
0,83563E-0 I 
0.7C487 € 4 1  
0.651 33E-01 
0.55 4 95 E-0 I 
Ll .67 393 E-0 I 
3.8?1~3E-01 _. . - - ._I______ 
O.48933E-0 I 
0-  58836E-0 I 
0.57707E-01 ~ ~. 
0.40073E-01 __ 
0.389 12E-01 







0. I941  O E - O l  
e. I I el 4E-OI 
0.12943E-01 
0. I I986E-01 
2 0  TO 21 
21 TO 22  
- 22  m 2 3 -  0237143E-01 0.551 63E-01 0.29568E-01 0. I6800E-01 
2 3  TO 24  0-40581E-01 0.57769E-01 0 270 35E-0 I 0. I I 4 4 i  E s O i  
2 4  TO 2 5  0.30319E-CJI 0,45l23E-01 0.22761E-01 - 0.  I243E--OL 
25 TO 26  0.30077E-01 0.45971 E-01 0.23512E-01 0. I 2 1  25E-01 
26 TO 2 7  ~ 0.32667€-01 0.5ClBI E-01 0.230@2E-O1 0.93870E-02 
2 7  TO 2 8  0.30688E-01 0.4C9 I 3  E-0 I 0 25 I 06E-0 I O m  I3309E-01 
-_28_-_Tp 2?___0,l8!?35E-01 __________ 9.23161E-OI 0.13244E-01 0.65496E-02 
2 9  TO 30 0,18267E-01 0.29512E-01 0.14554E-01 0.9596UE-02 
~~ - 




I A V E R A G E  0. I6786E-02 0 835 39 E-03 0.922 96E-04 a. 
TABLE A2.24. 18-MeV ISOTROPICAIJ-Y INCIDENT NEUTRONS 
- __ ENERGY DEPOSITION BY EVAPORATED PROTONS 
DEPTH, ;Me 0 TO I WEV I T O  5 MEV 5 T O  I O  MEV 
0 TO I 0. I 8 1  08E-02 0.21 306E-02 
I TO 2 0.20486E-02 0. I lr304E-02 
2 TO 3 0.22130E-02 0.21 302E-02 
3 TO 4 0.24411E-02 0. I 5 1  54E-02 
4 TO 5 0.23241E-02 0.23751 E-02 
5 TO 6 a.23066~-02 0. I3563E-02 
6 TO 7 0.20648E-02 0.25 3 27 E-03 
7 TO 8 0.1 9409E-02 0.9 J359E-04 
8-10 9 0.30079E-02 
9 TO I O  0.33066E-02 
I I TO I 2  0.20234E-02 
12. TO I 3  0. I 8442E-02 
13  TO 14 0.16434E-02 
- 1 4  __ TO 15 0.15452E-02 
15  TO 16 0.2118kE-02 
I O  TO I I  0. I9884E-02 
0.25404E-02 







0 4 7 6 99 E-03 











0. 0. ~ 
0.47 9 30E-03 0. 
0. 0. 
I 8-TOPI 9 0.20746E-02 
I 9  TO 20 0.12094E-02 
2 0 L O L 2 1  ~- 0. I3230E-02 
21  TO 22 0*15917E-02 
2 2  TO 23 0.14030E-02 
2 3  TO 24 0. I0809E-02 
24-TO 25 0.66230E-03 
25  TO 26 0.76483E-03 
2 L T O  27  0. I2103E-02 















2 8  TO 29 0.34174E-03 













































0 0 0 0 ~ 0  I 0 0 0 0 0  
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TABLE ~ 2 . 2 6 .  30-MeV NORMALLY INCIDFJTT NEUTRONS 
ENERGY DEPOSITION BY HYDROGEN RECOILS 
DEPTH, CH. 0 TO I M E V  ___ I r o  5 HEV 5 TO I O  HEV ABOVE I o  M E V  
0 TO I 0.35517E-01 3.3 32 31  E-0 I 0.7045OE-0 I 0. I2684E-00 
0. I4237E-00 
0. I239@E-00 
3 TO 4 0,53685E-01 3.  I352CE-00 0.81 845E-01 
4 TO 5 0o45157E-01 3.33331 E-01 0.592 3OE-0 I_ 0. I0075E-00 
-6 TO 7 0.52821E-01 3.92921 E-01 0 73 549E-0 I 0. I I847E-00 
I TO 2 0.49529E-01 3 .  I3331 E-03 0.8500lE-01 
2 TO 3 0*50424E-01 3.93373 E-0 I 0,82388E-01 
0. I I I45E-00 
5 TO 6 0.53824E-01 3. I1 I 7 1  E-03 0.78146E-01 0. I O ~ ~ O E - O ~ I  
7 TO 8 0.58120E-01 3. I I23JE-0’3 0.753806-0 I 0. I I493E-00 
8 TO 9 0.56361E-01 3. I3281 E-03 0.76637E-01 0.12145E-00 
9 TO I O  0.53237E-01 
I O  TO I I  0.57274E-01 
I I TO 12 0.52647E-01 
3.  I 3 I 57 E-OD 0 70 4 66E - 0 I 0.96 5 9: E - 0 1 
9.95794 E-3 I 0.63848E-01 0.96854E-01 
3.37253E-01 Oo58233E-0 I 0.8028 E-01 
_ _  I 2  TO- I 3  0.53402E-01 3.9lC91 E-01 0.61 I79E-Ol E. 86680E-01 
13 TO 14 0.56708E-01 9.75521 E-0 I 0 ,64233E-0 I 0.95269E-01 
1_4 TO I 5  0.57181E-01 3 9 5 5 62 E-0 I 0 066 I I2E-0 I 0.961 7LE-01 
15 TO 16 0.53966E-01 3 . 9 5 9 O 2  E-O I 0.56288E-01 0.7266CE-01 
I 6  TO I 7  0.571 O4E-01 
17  TO 18 0.51441E-01 
1-8 TO I 9  0.48314E-01 
I 9  TO 2 0  0.50736E-01 
20 TO 21 0.49367E-01 
2 1  TO 22 0.47008E-01 
22  TO 2 3  0.42171E-01 
23  TO 24  0.43038E-01 
2 4  TU 2 5  0.44431E-01 
25 TO 26  0.40867E-01 
26 TO 2 7  0.37193E-01 
27  TO 28  0.3289lE-01 
2 8  TO 2 9  0.35024E-01 
2 9  TO 3 0  0027290E-01 
3 . 9 7 1  ISE-01 
3 . 7  15 3C E-0 I 
3.733 37 E-0 I 
3.917826-01 
3.95C 32 E-0 1 
3 . 7 5  332 E-01 
3 - 7 2  I 41 E-0 I 
3.531 I 2  E-0 I 
3.53507 E-0 I 
3.712736-01 
9.5125lE-01 
3.5 7 9 b 3 E-0 I 
3 5 7  7 57 E-0 I 











0 40 325E-0 I 
0 31 459E-0 I 










0.644 9;‘E-0 I 
00 44889E-0 I 
0.4 9759E- 0 I 
0.431 9,E-OI 




TABLF: A2.27. 3O-MeV N O m Y  INCIDENT NEUTRONS _ _ _ _ _ _ ~ ~ _ _  _ _ ~  
.._ - ENERGY D E P O S I T I O N  BY EVAPORATED PROTONS --
ABOVE I 0 M E V  - - DJPTH, CM. 0 TO I - K V  I __ T O  Z_ME"--  5 T O  10 M E V  
0 TO I 0.54453E-02 0 .  I 2 1  95 E-01 0 47 1 35E-02 ~ 0022099E-02 
I TO 2 0.35082E-02 0.5 9 8  33 E-02 0.12595E-02 0. 
2 TO 3 0.32476E-02 O.Se44-E-02 ~ 0.98 I32E-03 0. 
3 TO 4 0.30901E-02 9.5C9 05 E-02 0 22 399E-03 0. 
4 TO 5 - 0.56817E-02 9 I 3 2 09 E-0 I - 0*19064E-02---- . 0. 
5 TO 6 0.38368E-02 0.73769E-02 0 2366 I E-02 0; 275 7-8E - OF 
6 TO 7 0.40585E-02 - ~- D. 93543E-02 0.27159E-03 - 0. 
7 TO 8 0.32995E-02 3.5 I295 E-02 0.21157E-03 0. 
8 TO- 9 0,24332E:02 0.22593E-02 OoI6273E-03 0. 
9 TO I O  0.25835E-02 0 . 4 7 6 4 1  E-02 0 I 3 5  36E-02 0. 
I O  TO I I 0023929E-02 - 0.33567E-02 0.435 38E-03 0. 
I I TO 12 0.39958E-02 3.73155E-02 0.17563E-02-  0.2465i. E - 0 3  
l 2 - T L l  3 0.38447E-02 9.535 6 I+-02 0 092028E-03 - 0. 
13 TO 14 0.27812E-02 0.3BC8$E-02 0.  0. 
1 4  TO I 5  0.39901 E-02 - 0.727 I 2E-0 2 0. I3057E-02 - 0. - 
I S  TO 16 0.32168E-02 0.739 05 E-02 0.18360E-02 0. 
I 6  TO I 7  0.35918E-02 0. b r 5  I 3 E-02 0.858 SUE- 03 0. 
17  TO 18 0.41417E-02 0.791 71 E-02 0. I25OOE-02 0.72583E-03 
18- T O  I 9  0.39782E-02 - 0 4 $2 78 E-02 0.44 I37E-04 - 0. - 
1 9  TO 2 0  0.30637E-02 3.57327E-02 0.12397E-02 0. 
2 0  TO 21 0.29820E-02 -3.39363-E-02 0.93057E-03 - - 0. 
21 TO 22 0.27513E-02 0.255 OB E-02 0. I2500E-02 0.20927E-03 
-- 2 2  TO 23 0.27035E-02 0.291 35E-02 0. 0. 
2 3  TO 24 0.29369E-02 3.51284E-02 0. I I994E-02 0. 
--- 26 TO 2 7  0.21832E-02-.__ 
2 7  TO 2 8  0. I 5599E-02 
0.53050E-04 
0. 
2 8  TO 2 9  0.1428CE-02 3.2k271 E-02 0. 0. 
2 9  TO 30 0. I l424E-02 0.221 556-02 0.237 32E-03 0. 
0 00 0 0100 0 0 00 0 0 00 0 0 00 0 0 00 0 O/OOlO 




TAEIE3 A 2 . 2 9 .  30-MeV IScIlllOPICALLY INCIDENT NEUTRONS 
- 
-- ENERGY D E P O S I T I O N  BY HYDR-OGEN RECOILS 
~ -- _ _ _  ----p 
DEPTH, CM. 0 TO I MEV l - T g 5  MEV 5 TO I O  MEV ABOVE 0 MEV 
O T O  I 0.76133E-01- -~ - - 0. I8304E--O!J ~ 0.16100E-00 0.2861 7E-00 
1 TO 2 0.76641E-01 0. I5053E-03 0. l3824E-00 0 2 O f  3FE- 0 0 
2 TO -3- 0.78799E-01 0. I j385E-00 ~ ~ - p  0. I I673E-00 0. I7490E-00 
3 TO 4 0.74643E-01 0. I b762E-00 0.11703E-00 0.2C44tE-00- 
4 TO 5 0.71408E-01 0. I & I  95 E-OO 0.10501E-00 __ 0. I453BE-00 
5 TO 6 0.80624E-01 0.1$571 E-00 0. IO6  I IE-00  0. I7608E-00 
6 TO 7 0.7l048E-Ol 0. I 1259-E-OD - 0 744 I8E-0 I - 0.951 95E-Ol 
- 8 TO 9 0.80138E--OI - -- 0.12744E-03 Oo75476E-0 I Oo9701 ;E-01 
7 TO 8 0.76775E-01 0. I3562E-00 0.90569E-01 0. I I264E-00 
9 TO I O  0.70955E-01 0. I I58PE-03 0.84353E-0 I 0 .i-i 6 I SE-  0 0  
I O  TO I I _0.71646E-01 0. I 2984E-00  0.95129E-01 0. I4849E-00 
I I TO I 2  0.68878E-01 0. I I 405E-00 0.777 94E-0 I 0. I082kE-00 
I 2  TO 13- 0.64002E-01 0. I3921 E-29 0.67036E-01 0.97123E-01 
I 3  TO I 4  0.64328E-01 0.13543E-03 0.72697E-01 -0. mC03EzOr 
- 1-4 TO I 5  0.53939E:OJ ~- c1 93 O 32E-0 I -~ 0.53064E-01 ~p 0.442 33E-01 
I 6  TO I 7  0.56709E-01 0.931 39E-01 0.66242E-0 I 0.951 78E-01 
I S  TO I 6  0.64554E-01 0. I ILl94E-03 0 86 I 30E-0 1 0.1 2 I 9: ELODp 
I 7  TO I S  0047866E-01 9.83361 E-01 Oo51310E-01 0.75331 E - O l  
I 8  TO I 9  -0.52373E-01 ~ 0.77494E-OI 
I 9  TO 2 0  0054244E-01 3.83 5 I 7 E-0 1 
2 0  TO 21 0,55522E-01 0. ILIJ53E-JO 
21  TO 22  0.45050E-01 0.734 72 E-0 i 
2 3  TO 24 0.39892E-01 0.577 85 E-0 I 
2 4  TO 25 0.35575E-01 0.571 84E-01 
2 5  TO 26  0.36562E-01 0.577 02 E-0 I 
2 6  TO 2 7  0.30687E-01--- ~~ ’3.45639E-OI ~ - 
2 7  TO 2 8  0.26748E-01 3 . 4  3 5 53 E-0 I 
2 8  TO 2 9  0.23232E-01 9.42361 E-01 
- 22 TO 23  0.48136E-01 0.92063E-01 
2 9  TO 3 0  0.23143E-01 0. !$9 85 E-0 I 
0.496 I PE-0 I ~~ 0.62275E-01 ~ 
0.48759E-0 I @.5231 b E - 0 1  
0.57681E-01 ~~ 0.7133’E-Ol 
0.49986E-01 0.6991 3E-OT 
0.54660E-0 I 0.70801 E-01 
0 40466E-0 I 0.631 35E-01 
0.29533E-0 I 0.4761 B E - O l  
0.35267E-01 0.5-2m FE=OI- 
0.26592E-01 
0.32530E-01 
0 e 2632 I E -0  I 0.30945E-01 
0 32 546E-0 I 0.5034.? E-0 I 
c 
b 
TAELE A2.30. 30-MeV ISOTROPICALLY INCIDENT NEUTRONS 
ENERGY O E P O S I T I C N  BY EVPPORATED PROTONS 
0 TO I M E V  I T O  5 M E V  5 T O  I O  M E V  8 0) DEPTH,  C M *  ~ 
0 TO I 0.47913E-02 O.IJ963E-01 0.20087E-02 0. 
I TO 2 0.56723E-02 0.1'+363E-01 0.29953E-02 C. 
2 TO 3 0.62282E-02 0 .  I I I63E-01 0. 0. 
3 TO 4 0.58154E-02 0. I I I 39E-01 0 .  I8977E-02 0. 
M E  
4 TO 5 0.51724E-02 0 705 05ks!?----_p- 0.52540E-03 @. 
5 TO 6 0.43595E-02 0.73950E-02 0.30 3 02 E - 02 C. 
6 TO 7 n.55075~-02 
7 TO 8 0.48934E-02 0.72363E-02 0.21 756E-03 E. 
8 TO 9 0.24261E-02 0.  I 5  I17E-02 0. 0. 
9 TO 10 0.27022E-02 0.379 l6E-02 0.59602E-04 0. 
I O  TO I I  0.35647E-02 0.321 82E-'I2 ~ ~- 0.154 I3E-04 0. 
I I TO I 2  0.36872E-02 0.637kl E-02 0.29096E-03 C. 
I 2  TO I 3  0.50860E-02 0.8 5 5 6 5  E-'32 0.77281E-03 0. 
13 TO 14 0.36614E-02 0 62 6 3 3  E-02 Cl.19687E-02 C. 
14 TO 15  0.42533E-02 - 0.5723lE-02 0.58969E-04 0. 
1 5  TO 16 0.21019E-02 0.33547E-02 0.8865OE-03 0. 
0.22295 E-02 _ _ _  0.69 722E-04 0. 
17 TO 1 8  0.26798E-02 0. 4 'r 4 53 E-02 0.99 372E-03 0. 
I @ TO I 9  0.38634E-02 0.473 33 E-02 0.99891 E-03 0. 
I 9  TO 2 0  0.27973E-02 0.2575'rE-02 0. I3700E-02 0. 
21 TO 22 0.16580E-02 0.  I3945E-02 0. 0. 
2 TO 2 3  0.2J5245E-02 0.373 3bE-02 0.33208E-03 0. 
2 3  TO 24  0.24034E-02 0.35913E-02 0.10690E-02 0. 
24  TO 25  0.  I9105E-02 0. I7743E-02 0.560 67E-0 3 0. 
25 TO 26  0.26460E-02 0.25 I23E-02 0.28935E-04 0. 
26  TO 27  0.29913E-02 0.53321 E-02 0.10206E-02 0. 
27  TO 2 8  0.21304E-02 0.37573E-02 0. 0. 
I____.- - 
0.934 32 E-02 0.19215E-02 0. I 071  $,E-03 
- 
-____ I 6 TO I 7 0. I &43-%=!! 
o.lr31 7 7 ~ - n 2  0.24278E-02 0. I3775E-03 2 0  TO 21 0.2 9064E -02 
2 8  TO 2 9  0. I6638E-02 0.31542E-02 0.15969E-02 0. 
2 9  TO 30  0.16287E-02 0.32664E-02 0.938 l2E-03 0. 
. 
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T A B 2  A2.32. 60-&v NORMALZY INCLDENT NETJTROnS 
ENERGY DEPOSITION B Y  HYDROGEN R E C O I L S  
5 TO I O  WE\- P e O V E  I O  PEV. D E P T H ,  CC.  0 T O  I MEV - I TO S M E V  
0 TC I 
I T O  2 
2 TC 3 
3 T C  4 
4 TC 5 
5 T C  6 
6 TC 7 
7 T C  8 
4 TC 9 
9 TC I O  










I O  T C  I I 0.46642E-01 
I I  T C  12 0.41495E-UI 
C.4563FE-C I 








0.61 71 5E-C I 
12 TC 13 
13 TC 14 
14 T C  15 
15 T C  16 
16 T C  17 
17 TC 18 
I 8  TC I 9  
I 9  TC 20 
ZQ T C  21 




0 e39799E-0 I 
0.39883E-01 
0.41826E-01 




22 T C  23 0 -46 I 7  I E-fl I 
23 T C  24 0.40555E-01 
0.6981 I E - C  1 
0.7 I 9 I 4E-C I 
0.55855E-CI 
0.6191 IE -01  





0.4896 I E - C  I 
0.8279CE-CI 
0 e 6 4  I @ S E - C  I 
2 4  T C 2 5  0.31 102E-01 C.50996E-c I 
25 T C  26 0.34296E-01 0.50531E-CI 
_ _  26 T C  2 7  0.31889E-01 C.52685E-CI 
27 T C  28 0.27956E-01 C.454F@E-CI 
28 TC 29 0.29820E-01 E1641 53E-CI 
29 T C  30 0.26125E-01 C e 5 1  6 5 % - 0  I 
~~ 
A V E R A G E  0 -36643E-0 I C. 60027E-C I 
0.37993E-0 I 0. I7475E-00 
0.46375E-0 I 0.22277E-00 
0. I8835E-00 O.4eea9E-0 I 
0.45C56E-01 0. I5645E-00 
0.54962E-0 I O.lm68E-00 - 
0.36C64E-0 I 0.14905E-00 
0.53434E-C I 0. I5234E-00 
0. I 41  98E-00 0.38143E-01 
0.95406E-01 0.28262E-0 I 
0. I6296E-00 0.47C44E-0 I 













0. I 9 1  94E-00 
0.17816E-00 
0. I5704E-00 
0 .  I3449E-00 
0.15371E-00 
0.75 I 3 7  E-0 I 
0.  I6337E-00 
0.13877E-00 
0 I 6876 E-00 
0.59595E-0 1 




0.94591 E-01 0.33992E-0 I 
0.34609E-0 I 0.11065E-00 
0.3064 7E-C I 0.95385E-01 
0.37C42E-C I 0.14526E-00 
0.49358E-01 0.16949E-00 






!CA€LE A2 -33 = hO-&Y NORMALLY INCIDENT IIEXERQNS 
ENERGY D E P O S I T I O N  BY EVAPORATED PROTONS 
* 
c 
DEPTH, CC.  0 T O  I M EV I TO 5 M E V  5 TO I O  C E V  A P O V E  I O  C E V  
0 T C  I 
I TC 2 
2 T C  3 
3 T C  4 
4 T C  5 
5 TC 6 
6 TC 7 
7 T C  8 
8 T C  9 
9 T C  I O  
D -4332 I E-02 
Cl.81766E-02 
0 64 I03E-02 
0.47243E-02 
0.74 I69E-02 
0 -6 I 7 I OE-32 
0.8 I956E-02 
0.63914E-02 
o . 6 5 2 ~ ~ - 0 2  
0 .52642~-nz  
c;. 1391 2E-C I 
C.2741CE-CI 
C -2246 I E- C I 
C. 13975E-C I 
0.2373 I E - C  1 
0.2035EE-C I 
C. 18963E-CI 
C. 18272E-C I 
C.27265E-C I 
C I6347E-C I 
0. I I326E-0 I 
0.18169E-01 
0. I7366E-0 I 
0. I I e26E-0 I 
0.2C334E-01 
0. I7305E-0 I 
0.16126E-01 
0.98600E-02 
0. I C903E-0 I 
0.15621E-01 
_ _ ~ ~ ~  0.68164E-02 
0. I4565E-0 I 
-~ 0. ~ I6658E-41 
0 40022 E-02 
0.11123E-01 





f .28624E-C I. 0.21 C37E-0 I 0.14294E-01 
I I  T C  12 0.82784E-02 C.2325CE-C I 0. I7704E-C I 0. I2907E-01 
I 2 J-C I 3_- 0.79750-E:O 2 C.26385E-CI 0. I691  6E-0 I 0.  I4744E-0 I 
13 T C  14 0.56701E-02 0. I598  I E-C I 0. I c869E-0 I 0.21368E-02 
I O  T C  I I  0.89589E-02 
14 TC 15 D.53224E-02 C .  I536 IE-C I 0.12954~-0  I 0*47350€-02 
I S  T-C 16 n.45362E-02 0.1248CE-CI 0. BC354E-02 0.21 I39E-02 
16 T C  17 0.69133E-02 0 .  I 920CE- C I 0. I4452E-0 I 0.94143E-02 
17 T C  18 0.66813E-02 0.2026CE-CI 0.14120E-01 0.25040 E-02 
It)  TC 19 ~- 9.78885E-02 C.22823E-CI 0 I 5 C2_4-E.-.OA ~ 0.67337E-02 -~ 
19 TC 2'J 3.70251E-02 C.2112FE-CI 0. I6636E-C I 0.80803E-02 
20 T C  21--- fl - 5  I 57 I E-02 0.15233E-CI 0.92720E-02 -- 0. I O 3 9 8 E ~ O l  
21 T C  22 0.54306E-02 c. 18CC3E-C1 0. I4743E-0 I 0066387E-02 
2 2  TC 23  0.57026E-02 C I8792E-C I 0. I3936E-0 I 0.15705E-01 
23 T C  24 0.61755E-02 c .205 I CE-C I 0.1641 7E-01 0.94492E-02 
24 T C  25 0.4-9154~-02 0 .  I 6  I24E-C I 0. I251  BE-Ol 0.47939 -~ E 4 2  - 
25 T C  26 0.52703E-02 C .  I435 IE -C  I 0. I 2 5 9  I E-0 I 0.  I9489E-01 
~__________ 0 67676 E-02 26 T C  27 3.42895E-02 C.1343FE-CI 0. IC31 8E-01 
27 T C  28 0.46007E-02 C .  I3872E-C I 0. I ~ 7 8 7 ~ - 0  I 0.99016E-02 
28 T C  29 0.40782E-02 C.1277CE-CI 0. I I677E-0 I 0.46229E-02 
29 T C  30 0.57156E-02 0.18672E-C I 0. I 322 5.50 I 0.561206-02 
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--4MleV Is -INCIDENT NEUTR ONS_____ - - - 
- - - _ _ _  - ENERGY DEPO-S ITION-BY HYDROGEN ~- RECOILS - 
DEPTH, C-M. 0 TO I MEV I T O  5 MEV 5 T O  I O  MEV ABOVE ; 0 M F V  -- ___ 
0 TO I 
I TO 2 
2 TO -3 
3 TO 4 
4 TO 5 
5 TO 6 
6 TO 7 
7 TO 8 
8 L O - 9  
9 TO I O  
I O  TO I I  










0.6 fl622E -01 
-- 0.642 I 5E-01 
0.64056E-01 





Ll. I3577 E-00 
O~l~ l31PE-OO 
O . 9 C 4 6 l  E-01 

















0.2801 m o o  
0.29236E-00 
0.31 31 5E-00 
0.321 l4E-00 
0. I 9 1  I hE-00 
0.22122E-00 
O i2  2 6 9~ E- 00 
0.31085E-00 
0T19C94E-00 
__ - - 
-- 0.2176oE-00 
0.201 56E-00 
12 TO I 3  0.59607E:Ol 3.951 23E-01 0.65296E-01 0.241 54E-00 
13  TO 14 0.63165E-01 DeI3922E-OD 0.7 I 660E-0 I C - 2  36 7dE- 02 
I 5  TO I 6  0.53636E-01 9.7347CE-01 0.51787E-01 ~ a.22690E-00 
I 4  TO I 5  0.57967E:OI 3 e 8 3 9 77 E-01 0 5 I 754E-0 I 0. I820..E-00 
- I 6  TO I 7  0.53504E-01 3.7r28CE-01 0 51 857E-0 I 0. I294-.E-00 
I 7  TO I 8  0.54947E-01 0.75607 E-0 1 0.44528E-0 1 0. I3924E-00 
18 TO 19 0.48697E--OI 9.75kai E-01 0.435 1 7 ~ - 0  I 0. I3497E-00 
- 2 C -T3-2 1- 0.48948E-01 3.781 43E-01 0.50421E-01 0. I63btJE-00 
n.1308 E-QZ I 9  TO 20  0.46589E-01 0.553 87 E-0 I 0.32580E-01 
21 TO 22 0.43227E-01 3.5 32 02 E-0 I 0.431 89E-01 C. I5763E-00 
__ 22  TO 23  0.45212E-01 0.733 23 E-O 1 0.44269E-01 0.121 6:E-OO 
-I____I_- 
2 3  TO 24  0.41483E-01 0.535 93 E-Cl 1 0.462 34E-0 I C .  I 526 iE -00  
0.37 142E-0 I 0.13C53E-00 24- TO 2-5 0.42334E-JI ~ 9.531 5lE-OI 
25  TO 26  0.36823E-01 0.638 32 E-0 I 0.49215E-01 0. I4573E-00 
26  TO 2 7  - -  0.3531'JE~OI 3 5 3 7 7 3 E -0 I - -  0.370F)OE-0 I ~ C. 9417CE-OI 
2 7  TO 2 8  0.43793E-01 3.6353BE-01 0.47108E-01 0.1547%-00 
0. I I999E-00 2 8  TO 2 9  0.29092E-01 3.C5195E-01 0 -  29585E-0 I 
2 9  TO 30  0.28687E-01 0 47 322 E-0 I 0 30 5 43E-0 I 0. IO91 E(E-00 
- -  ~ ~ -- 
A VERA% 0.50988E-01 ~ g:-3121,3E-OI- ~ - 0.5 56 99E - 0 I 0.1957'E-00 
c 
T A m  ~ 2 . 3 6 .  &-MeV I S O T R O P I C A U Y  INCIDENT NEUTRONS 
EYE RGY DEPOSITION BY E V A P O R A T E D  PROTONS 
DEPTHI C M .  0 TO I M E V  . - I T O  5 MEV 5 T O  IoMEY ABOVE . O  M E V  - 
0. I4697E-01 0 TO I 0. I4336E-01 0.4 3 3 I 3 E-0 I 0.37026E-01 
2 TO 3 OaI3032E-01 3.4SS6I E-91 0.27869E-0 I 0.  I9723E-01 
I TO 2 0.1 1755E-01 0.335 27 E-0 I 0 -29 I 7 i E - 0  I 0.  I I 9 1  R E - O l  
3 TO 4 0.10642E-01 3.33913E-01 0.16945E-01 0.40549E-02 
4 TO 5 _ _  0.1 0773E-01 13.35921 E-DI  0.27 306E-0 I 0. I3299E-01 





I O  TO 






I 7  TO 
1 8  TO 
2 0  TO 21 0.89965E-02 13.2 5 2 5 3  E-0 I n. 22 343E-0 I 0.1457’E-OI 
0. I0867E-01 21 TO 22 0.85235E-02 0.2$363 E-0 I 0. I6769E-0 I 
0. I682AE-01 22  TO 23  0.80874E-02 
2 3  TO 24 0.73078E-02 3.2333PE-0 I 0.12599E-01 0;26051 E-02 
2 4  TO 2 5  0.39017E-02 0.12587E-01 0.10302E-01 0.67505E-02 
2 5  TO 26 0.74173E-02 3.22 5 33 E-O I 0 .  I 6  I34E-01 0.94C19E-Cl2 
2 6  TO 2 7  0.74515E-02 O.2325JE-01 0.20 I O 1  E-0 I 0. I430bE-01 
2 8  TO 2 9  0.56642E-02 0. I 9561  E-01 0.1 I642E-01 0.6506cE- 02 
I 9  TO 2 0  0.77965E-02 3.2 2 9 53 E-0 I 0 .  I7071 E-0 I 0.9086CE-02 
0.2 57 53 E-0 I 0 20727E-0 I - - _ _ ~ _ _ _ _ _  
2 7  TO 2 8  0.56278E-02 3.221 69E-01 0.14774E-01 0.12468E-01 














0. I 071  9E-01 
0. I C998E-01 
0. I3830E-01 
0. I2701 E-01 
0.  I 3 1  78E-01 - 
0.96658E-02 








0.4 $2 49 E-O I 
3.42527 E-0 I 
0.33477E-01 
0.33 2 32 E-O I 
3.31 I49E-131 
- 
3.3 3 4 83 E-3 I 
3.2 37 84 E-0 I 
0.2 2 5 09 E-0 I 





0 36542 E-0 I 
0 27 8 35E-0 1 
0.22919E-01 
0.27891 E-0  I 
0.25957E-01 
n. I7869E-0 I 
0.21 583E-0!  
0. I2954E-01 
0. I623!E-01 















A V E R A G E  0.92399E-02 3 .231  53E-01 fl. 2 I670E-0 I 0.  I2789E-01 
-85 - 
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